TOF (Time of Fight, TOF) positioning requires Double-sided Two Way Ranging to achieve triangulation positioning. At present, the main disadvantage of TOF is that it requires multiple distance measurements, resulting in slow positioning speeds. So an improved Double-sided Two Way Ranging method is proposed for this problem. The measurement of distance difference can be used to measure the distance from a mobile node to multiple fixed reference nodes with only one ranging, thereby improving the TOF positioning speed. UWB (Ultra-wideband, UWB) positioning experiment platform is designed, and ranging test verification and accuracy testing is completed. After testing, the positioning accuracy has reached the decimeter level. This method improves the positioning speed of traditional TOF positioning and has a good application prospect.
INTRODUCTION
Nowadays, Global Positioning System (GPS) and Beidou positioning and navigation technologies have been widely used, but they cannot be used in indoor environments due to the occlusion of building12. With the development of Internet of Things technology, positioning and navigation technology must be extended from the outside to the interior. Some technology giants begin to deploy indoor positioning technology such as Google, Microsoft, Apple, Broadcom, etc. At present, indoor positioning technologies mainly include WIFI, Bluetooth, ZigBee3 and other technologies based on signal strength sensing, and can achieve positioning accuracy of 3-5 meters at most. It relies on Ultra-wideband 4 positioning technology using signal flight time measurement. Ultra-wideband communication technology has anti-multipath with the advantages of strong interference ability and high time resolution, and it can achieve the decimeter-level positioning accuracy 5. Due to the advantages of high positioning accuracy of Ultra-wideband positioning technology, it has become the preferred technical solution for indoor positioning.
UWB positioning is mainly based on TOF and TDOA positioning methods. Wei P et.al 6 designed and implemented an ultra-wideband indoor positioning system. Based on the DW1000 radio frequency chip, the TOF positioning method was used. An efficient multi-radio base station ranging and multi-tag scheduling mechanism was proposed to solve tag conflicts and networking problems. In order to improve the positioning accuracy, Kristóf Attila et.al 7 proposed a method to use the time-of-arrival (TOF) while using the UWB-based passive asynchronous positioning strategy. The method proposed provides low power and fast positioning, making the positioning system more capable. At the same time, fewer messages are needed due to the passive nature of the solution. Le, Tan N et.al 8 propose an improved TDOA (Time Difference of Arrival) localization scheme using PSO (Particle Swarm Optimization) in UWB (Ultra-Wide Band) systems. They use the PSO algorithm to improve performance, re-evaluate TDOA parameters and reposition tag locations. In the LOS (Line-of-Sight) and NLOS (Non-Line-of-Sight) channel environments, superior positioning performance over traditional TDOA positioning is achieved. Chen et.al 9 proposed a differential UWB localization algorithm based on TDOA-UWB indoor positioning technology by referring to differential GPS technology. When the system is subjected to external interference, the positioning error can be reduced by 23% overall. However, the above methods do not give full play to the advantages of TOF and TDOA positioning in speed and accuracy. This paper introduces the TOF technology and the traditional Double-sided Two Way Ranging first, and then proposes an improved Double-sided Two Way Ranging algorithm. Its advantage is that the master fixed base station does not need to continuously transmit the time-ofday broadcast signal. In combination with TDOA positioning, one measurement is needed to capture the distances of multiple base stations only. To verify the algorithm, a DW1000 RF chip based on IR-UWB communication technology introduced by Decawave was used, and the accuracy test was completed. It greatly improves the positioning speed, can achieve decimeter-level positioning accuracy, and has a good application prospect.
TOF POSITIONING TECHNOLOGY AND SYMMETRICAL DOUBLE-SIDED TWO WAY RANGING
The TOF positioning technology calculates the distance between a mobile node and a fixed node by measuring the propagation time of a wireless signal. In order to 
Equation (1-3) can effectively eliminate the time measurement error caused by crystal error by differential operation and it makes the communication node can still obtain higher precision of time measurement under the condition of using ordinary precision crystal. However, the main disadvantage of SDS-TWR is that it takes multiple transmissions and receptions to complete ranging, which takes a long time. A two-dimensional positioning needs at least three times of distance measurement, resulting in high power consumption of mobile nodes, slow positioning speed, and small capacity. This shortcoming has greatly limited the application of TOF positioning. TDOA positioning is widely used in the field of positioning. TDOA positioning requires only one signal transmitted from the mobile node to achieve coordinate calculation. The positioning speed is much higher than TOF positioning, but TOF positioning relative to TDOA positioning has its unique advantages.
Four base stations are set in area of 2 6 8m × . We can get the distribution error of TOF and TDOA positioning error by the simulation under the same measurement error. The results show that the accuracy of positioning outside the area and within the area of the TOF positioning base station does not change much. However, the error of positioning outside the TDOA positioning base station area increases significantly.
Therefore, the TOF positioning has a significant advantage in the positioning range with the same base station layout. On the other hand, TOF positioning threedimensional positioning is better than TDOA positioning. TDOA positioning requires a height difference in installation of base stations to achieve height direction distance difference measurement, and the greater the height difference, the smaller the positioning error in the height direction. Further, it is difficult to install and deploy in practical applications, but TOF positioning does not have this problem. Three-dimensional positioning can also be achieved when the base station is installed in the same horizontal plane. In addition, TDOA positioning needs to implement clock synchronization of each base station, and the design is complicated.
Based on the above analysis, TOF positioning is better than TDOA positioning in the positioning area and three-dimensional positioning. TOF positioning does not require clock synchronization and is easier to implement than TODA. However, the slow positioning speed is its main drawback, which also limits the application of TOF positioning.
IMPROVED SYMMETRICAL DOUBLE-SIDED TWO WAY RANGING
For the slow positioning speed of TOF, the algorithm is improved on the basis of the Symmetrical Double-Sided Two Way Ranging. Distance measurement is performed simultaneously with distance measurement, and the distance measurement to multiple base stations is achieved simultaneously by distance measurement and distance difference measurement. As shown in Fig. 2 The specific derivation process is as follows: Assume that the distances from the tag which is mobile node to the A and B base stations are not equal, so the time for the four fixed reference nodes A and B to receive the signal 1 and the signal 2 is not the same, and the difference is As shown in Figure2, 3 T is measured by Node B and the measured value is 3 2 ( ) RB RB τ τ − , and corresponding to the node A clock measurement is:
As shown in Figure 3 3 2
T measured by the A node, the measured value is:
After calculation, the time difference between the signals received by the two nodes A and B is:
The measurement of the distance difference between the tag and the base stations A and B can be realized by measuring the transmission and reception times of the signals 1, 2, and 3 between the tag and the base stations A and B. Tag and base station A measure by the time of transmission and reception of signals 2, 3, 4, and refer to Figure 1 to achieve Symmetrical Double-Sided Two Way Ranging. Then it measure the distance A S between the tag and base station A. According to
The same process C S , D S can be obtained. With the improved Symmetrical Double-Sided Two Way Ranging algorithm, the measurements of distance and distance difference can be achieved simultaneously without increasing the communication overhead. The distance from the tag to multiple base stations can be further measured, and the TOF positioning speed can be improved in practical applications. 
THE DESIGN OF UWB POSITIONING EXPERIMENT PLATFORM
To verify the practicality of the algorithm, we designed the UWB positioning experiment platform. UWB positioning experiment platform node adopts DW1000 radio frequency chip based on IR-UWB communication technology that Decawave Company introduces, and the typical bandwidth is 500MHz11.
The DW1000 can use a delay transmission mechanism to set the delay time based on the current clock count. It can accurately calculate the clock count when the first character of PHR is to be sent, and can add this clock count value to the data packet and send it to the receiver. The above functions ensure that the DW1000 can be used to achieve the time of arrival of the measurement signal and the purpose of performing the Symmetrical Double-Sided Two Way Ranging. The UWB positioning system is shown in Figure 3 and consists of a three-tier architecture consisting of a tag, a base station, and a positioning coordinate calculation server. The DW1000 chip is used for tags and base stations. The label design considers low power consumption and uses the MSP430 series microcontroller as the main controller. Base station adopts stm32 processor. The location base station is connected with the location server through the local area network established by the switch, and realizes data transmission through the TCP/IP protocol and the location server.
The TOF localization algorithm needs to measure the distance between the tags and the fixed base stations. The SDS-TWR with the main base station A is initiated by the tag, and the distance difference measurement is completed at the same time. The calculation process needs to summarize the measurement data of each base station and calculate the distance from the positioning server to each base station, and calculate the positioning coordinates by solving the nonlinear equations. 
ACCURACY TEST
Under the above test platform, we use improved SDS-TWR to achieve TOF positioning. In order to shorten the positioning time, DW1000 adopts 6.8Mps communication rate, and the time required to complete ranging is about 1.8ms. In the indoor environment, 4 fixed base stations are arranged and the height is 1m. The mobile node selects 10 measurement points under indoor line-of-sight condition, and every measurement point measures 50 numbers, then it calculates the standard deviation of its two-dimensional coordinates. As shown in Figure. 
CONCLUSION
TOF positioning is better than TDOA positioning in location area and 3D positioning. TOF positioning does not require clock synchronization, and is easier to implement than TDOA. However, the slow positioning speed limits the application of TOF positioning. TOF positioning with improved SDS-TWR can improve the speed of TOF positioning. When using four base stations, the positioning time is about 1/4 of the original positioning time. After experimental verification, it can achieve decimeter-level positioning accuracy and has a good application prospect.
